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Ionization Constant of 5-5'-Diethylbarbituric Acid
from O° to 60° C

George G. Manov,' Kathryn E. Schuette, and Floyd S. Kirk

WMessurements are repgThe

d for the jonizstion eometant and for related thermodynamic

quantities froun OF to 80° C for E-E'-diethylbatbituric asid.

Two series of solutions correspondin

to molsl ratics of harbifurio meld :sodium

barbijturate :sodium chloride {or jodide) of 1:0.571.687, 1:1:1,687, and 1; 2:1 A&7 nem investi-
gated. The values obtaingd for the ionizalion sonatant of the seid wsing these three ratios
of aeld to sodium zalt Bnd twa typea of reference eleotrodes wera found to agree within the

experimental arror of the messyrements,

Two other series of solutions in which both the

ratio and the soncentration of the bufer materisls were malntained g 6 fixed value and that
of the halide ion waa dimfnfshed were aleo sunied. The effect of sodium lodide an the pK*
of the buaffers was normal, whereas that for tha sodiym chloride was anomslous bat ¢oald
be explsined in terms of & detonatested intersetion at low oonee ntrations of sodium ehloride,
between the aoluble herbiturate lon and the silver—silver-chloride alectrode used in the cell,

Thea variation of pK for G-b"-disthylbarbituric seid with the absclule temperature T,
where T=273.16+¢°C, van be expressed by the sguating

B =2324.47/ T 00118562 T—3.3401

ovar the range 0° to 60% C,
1. Introduction

Solutions of barbiturates sre used to contrel the
weidicy of hiological media [1] in the vicinjtﬂ of pH 7
and are useful in biood chemiztry, where the use of
this buffer doea net remove caleinm and m ium
aalta ag does, for example, & cﬂhusphﬂ.t-a huifer. Bar-
biturates are also used hs sedatives and anaesthetics,
and the time lag betwesn the injection of tha bar-
biturate and the onset of anaesthesia is thoupht by
some Investipators [2] to be relasted to the rate of
absorbtion of the un-ionized molecule and hence to
the iomjzation constant of the barbituric acid.

In general, the varicus substituted barbituric acida
and the corresponding sodium salts are capehble of
an? purification and permit the preparation of a
wide range of monobasic buffer mixtures. Measure-
menta of the pH of such buffars have been made with
the plass electrode [3] for & number of substituted
barbiturates, The particular compound chosen for
this investigation was 5-5'-diethylbarbituric acid
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A pumber of measurements of the lonizntion con-
etant of the acid and of the pH of the acid-zalt boffer
mixtures have been made by other investivators
I1, 3, §, 6, 7], using cells that involved & liquid junc-
tion. e specific electric conductance was meas-
ured by one worker [4]. The data reported in this

peper for the iomization constaot were obtained by

tha use of hydrogen and silver—silver-halide elec-

1 Present address, Aboinse Energy Comtmlation, Oak Ellge, T,
T Pigures 0 hraeleds dlsats (e [ikeoninre releetipet at (hi abd of (bt papet.

trodes in o cell without a liquid junction, according
to the method of Harned and associates [8].

2. Experimental Details
2.1. Maierials and Solutions

The components of the buffer solutions studied
were 5-5'-diethylberbituric acid ? and its sodiom
salt (herenfter abbrevisted to HB and NaB, re-
spaetive]};j, and either sodium chloride or sodium
indide. he reason for the uze of the two halides i
explained later, .

Becausa of the confusion in synonyms, i+ was
found that Jitle credence could be placed upon the
reliabibty of the seattored values formd in liter-
sture for the solubility of the acid or of the spdium
salt. The approximats solubilitics of HB and of
KaB wers therefore determined in the conventional
monner. The approach to equilibnium was made
from tha directions of under- and of supersaturation;
the solutions were analyzed by titration with atand-
ard acid or basze, ‘The solubility of 5-5'-diethyl-
barbituric acid in water at 5° and 25° (¥ was found
te be 0,019 £ 0.001 and 0.028 £ 0.001 mole per liter
of solution. A solubility of 0.017 m at 0° C is esti-
mated, This walue is mmportant beeause it limits
the concentration of HB that can be u=ed io a boffer
solution at the lowest temperatura of the experi-
ments. The solubility of NaB wae determined at
5% and at 25% C'in 8 similar 'nanner and found to be
0.79 £0.01 and 0.82 £0.01 mole perliter of solution. !
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Small portions of barbituric acid were recrystal-
lized three times each from ethyl alechol and from
" toluene. The melting points of the products were
138.8% C {uncorrected) in both cases, whoreas that
of the -Jriiginal acid (USP grade) was approximately
0.2° () lower. The material recrystallized Irom
alechol was found to be wetted eazily by water,
whereas that from the toluene was not, and the main
plnrt]iln?_nf the #nid was therefore recrystallized from
aleohol,

The sedinm =alt wans purified in the {followi
manner: 100 g of NaB {USP &) was dissolve
in 300 ml of warm water and filtered to remove any
undissolved impuritics, 300 m! of athyl alecho) was
%]ddm:d Mth'EE 1]:||m1:'ﬂ:I &n‘a cooled to 5° C a.ild the produet

tered. e yield was approxmately 40 percent.
Tho pH walues at 25° of 0.05-molal =olutions
{determined with & glass-electrode pH meter) of the
original and of materials that had been recrystallized
onca and twice were, Tespectively, 9.75, 9.50, and
882, The distilled water used to prepare these
solutions had been freshly boiled and was protected
%]ainst stmospharic carbon dioxide during cooling.

e pH of the water varied from 6.2 to 6.4.

Experimenta were ormed on separata 0.02-
molal solutions of HB and NaB to determine the
effect of small amounts of acidic or alkaline impyri-
tiea on the pH of the mixturss. SBuch informaiion
1= of importance in determining the extent to which
the HE and NaB should be purified. The results,
presented graphically in figure 1, show that (.25
mole percent of an acidic impurity {added as HCI)
lowers the pH of 0.02-molal rom 469 to 4.47,
whereas the same amount of an slkaline impurity
(added a2 NaUH) raiaes the pH from 4.69 to 4.84.
The ccrrresiponding figures for NaB are from 9.75 to
9.60 and from 9.75 to 995 The cffect of small
amounts of impuritiea is partienlarly noticeshle
when the HB and NaB are tested ceparately, be-
cause the buffer capacity of thoe selution in such
cases 18 very low. The same amounts of impuribies
in g solution in which the buffer ratio Is unity would
each ceuse a difference in the pH of only (+.001 unit.
Obviously, if the impuritiea were weak electrolytes,
their effeet on the pH of the buffer solution would be
reduced still further. If the itopurities were homo-
:.3?8 of 5-5°-dietliylbarbituric acid (or of the sodivin

t), it would be poseible, of course, for the geid (or
the zodium salt) to contain an a.pﬂ‘er:iablc amount
of impurity without changing the F of the separate
solutions eipnificantly. e USP grade acid and
sodiumm zalt used in the determivation of pX’ and pH
were aach recrystallized twice with yiclds of approxi-
mately 55 and 40 pereent, respectively, for each
crystallization. ‘The melting point of the UUSE

rade acid was also 188.8° (U (uncorrected}, and the

t and second recrystailizations both meltad sharpally
at 188.8° C. The purification of the materials
by reerystallization to the extent that the pH of
successive fractions of the acid and of the =alt in
0.02-m esolutions changes by less than 0.1 unit
evidently is adequate,

The densitiez of solid HB and NaB fneeded to
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Fieure 1. Effedr af 257 £ of small quostitiar of ecid (HCH
and of albatine (NeUH) impurities on fhe pH of a £.02-m
solution of §-3"-digthylbarbituric acid and of o O.08m sofu-
Lion of sodilm 55" -dielhkylbarbddurais,

reduce the weirhta of these materipls in air to &
vacuum basis} were determined with sufficient
accuracy by man.surin? with a Westphal balance the
denpitiea at 25° C of the mixtures of benzol and
chloroform in which the two solids would remain in
suspenzion without appreciably floating or sinking.
The densities thus obtained were 1.3 gfem? for bot)
the HB and NaB.

The sodium chloride was purified by passing
gasaous chlorine into the boiling saturated eolution
that had been acidified elightly. The excess chlorine
was removed by passing a stream of air through the
hoiling solution until the odor of free halogen dis-
agp&&reﬂ and a negative test for free halogen was
obtained with starch-iodide on s portion of the
sojution. The main portion of the solution wes then
cooled to room temperature and the pH adjusted to
neutralily with a emall amount of squesns sodiom
hydroxde prepared from motallie sodinm and water.
An egual volume of athyl alcohol was added to the
solution, and the precipitated sodium chloride was
filtered and dried at 110° C. The pH of 2 0.05
molal zolution of the product was not significantly
different {£0.03) from that of the water used to
prepare the solution. Analysis [1% of the purified
sodium chloride by Gladys D. FPinching, of the
Buresu, showed a bromide content of 0.002 parcent.
This method for the purification of sodiom chloride
iz a modificstion of the one deseribed earlier [14] and
climinates the steps [13! involving the pracipitation
of the salt with hyd oric &oid {which must aleo
be iree of bromide impurities) and the subsequent
hecessity for the fusion of the sodium chloride undoer




special conditions to remove traces of hydrochloric
acid and to prevent hydrolysis of the =alt.

Sodium iodide was purified by reerystallization
from water in the conventional manner. The dis-
tilled water used for the preparation of the solutions
bad & maximum specific conductanece at 25° O of 0.7
mieromho, .

All solutions were prepared by weight methods,
and the concentrations of the various components
were known to a precision of 4 0.05 pereent.

2.2. Electrodes

The hydrogen and silver—silver-chloride electrodes
were prepared 88 described previously [1‘31' The
A.g-AgI[) elecirodes used were of the thermsl-
electrolytic variety, in which a paste of silver oxide
whas heated to 450° C and the resulting eilver par-
tially cenverted (5 mole gercent}l to silver 1pdide by
electrolyeis in 1-m HI.  Several lote, each containing
18 electrodes of this type, showed an averape repro-
dueibility in poiential of £0.06 mv {(L00008 pH).
The welues for E* obtained by Owen [15] were
employed in the present paper.® In table 1 are piven
the values used for E° for the two silver—silver-
halide electrodes and for other constents used
elsewhere in this paper.
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2.3, Procedure

By and eilver—silver-halide electrodes were
uscd in cells without o liquid junction in two series
of experiments.

In the fret series, s stock solution was r]m:ﬂ::mal,md
corresponding to the fixed ratic of HE:NaB:NaX
{where X was either chloride ar iodide), and a num-
ber of dilutions of this stock solution were made.

Measurements of the emf of the cells containing
these dilutions were made from 0° to 60° C, and the
date were usad for evaluating the ionization constant
of HE. Io the second, the concentrgtion of HBE and
of NaB were maintained at 2 constant value, whereas
that of the NaX was progressivaly diminished.

1 The valyes lor &7 for the AR-AgT eletdrode are ghven by Qwen [15] avar the
ange: 47 Lo M0° O hy K% — 0 B3RI0— 08 HAE —30 — 3,80 - —m) ), Owen
fund ibat elechodes poepared by [oslon of g Fplteted mixtore of glvar

oskde u.rl.d_ Wlwer Ipdade wére fokdew bml lems relpgl e thmn elibher the thermal-
elsatk ol lit verkely or [bose pieparsd Ioim slver prpde and s0ver [odate.

The emf measurenents of the cells wers made from
0° ¢ 40° O, and the data were used to determine
t}ﬁ{ agect of NaX on the apparent jonization constant
0 '

The arrangement of the thermostat, the construe-
tion of the solution flasks, the flling of the cells, and
related matters have been deseribed by Hamer [17].

3. Determination of the Ionization Constant
of 8-8"-Diethylbarbituric Acid From 0° to
60° C

Measurements wers made of the emf of the cell
ayBLern

Pt; H,, HB, NaB, KaX, AgX; Ag (1}

in which the proportions and conecentrations of HE,

NaB, and NaX (X=Cl or I} were systematically

varied. The measured em!, E, of the cell is given by

E=FE°—klog {ag)lax), (2

where @g and oy are the activities {a=fm) of the

hydrogen and halide ion=. By defining
pK=—log K (3}
where
K={ag)lap) /(5] = (ee M fama) {(fusmuz) (1)

and with the assumption that fzz=1, eq 4 may be
rewTitten to yield

pK =({E—E®)k+log (maz/ma)+log six+log (Fx/fs).
(5)

The laat term in eq 5 cannot be caleulatad unless
pX ie known, and it is therefore convenient to define
a new quantity, pK’, such that

pK'=(E—E°)fk +log (myalma)+
log mx=p& —log (fx/fz)- {6)

Equation & contains only terms whose values either
are known or can be measured experimentslly, By
definition, the sctivity coefficicnts of the ions become
unity at infinite dilution, aad consequently a ﬂlalot
of Y net the ionic atrenpth, g, {for univalent
buffer-halide solutions, u=my+my) may be axtra-
polated to =0 to f1,'ir.al-:i Aél.K.u' Huoving cbtained an
eztrgpolated wvalue for pA, it is then poasibie to use
eq 5, if desired, to calculate values for log (fx/fe) at -
finite concentrations.

3.1. Measurements of pK" with H}rﬂmgﬂ and
Silver-Silver-Chloride Electrodes "

For the determination of pK, three gifferent pro-
portions of HB:B:Cl were investigated at each
teinperatura.

! In d0ute dabuilamet, tbe hydraly<ds of ha-bita-ate iHn results 10 @ glight iocoeases
I Lhee: Danfler Tatbn (g sfdip). Thelngeat affoad 13 obse=rod at m“gluﬁx tha moal
dinte aplathon of [|'|.|= 1:2 bufMer rutdn, wnd pmounts & H00HT 0 oA (007 mvr in
eml). The effect of hydrsydla [ ponshlambly bezs 3t Iower bemopecatoses pmad it
neglhgible for the 108 Tatlo et wil broopecgtunes.




In eeries A the proportions of HB:B:NaCl were
1:0.5:1. 867 in saries B, 1:1:1.887; and in series C,
1:2:1.687. The concentration of HB in the moat
concentrated (stoek) solution for each series was
approximately 0015 molal to prevent separation of
the frea acid at 0° C.

Diilution of the steck solution was mada by weight
methods, and the resulting solutions wera used to
Al the cells.

Measurements of the emf of the colls wers made
at 25° C, then at 5-degree intervals from 0° to 60° C,
and finally st 25 C, and, in general, the initial and
finel emf &t 25° C agreed to within 0.15 mv.

Tamre 2 (Mbaerved efcetromoliie fored, tn inlarnolional volte, of cellz composed of hydrogen

The composition of the solutions and the emf of the
cella {in international wolts), corrected to l-atm
presaure of hydrogen gaa, are given in table 2.
Yalues for pK” at each concentration, and tempersa-
ture wera calenlated by means of eq 6 nnd are given
in table &,

Figure 2 shows the variation of pK” with the ionie
gtrength. The experimental points obtained in
series A B, and C are designated by circles. (The
pointz designated by squares refer to the date ob-
tained with sodiom iodide and silver—silver-iodide
electrodes and are disenssed later).

As mentioned previcugly, the axtrapolated values
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Fravre 2.

obtained for pXK from each series of measurements
do not depemf upon the validity of &g 6, becauze lo
{(fx/fz)=0 when p=0. Exnmination of the plot o%
FK’ against p, however, indicated that the poinls
ell on a straight line, of the type pK'=pK+ 8y, in
which 5 iz the slope,
 The values for p& at 257 C obtained were 7.07902,
70215, and 7.9775 for ile thres series in which the
buffer ratlos (HB:NoB)} were 1:0.5, 1.1, and 1:2.
The average value for pi at 25° C weighted accord-
ing to the numhber of experimental points in ezch
series ie 7.9792 40010,

Values for pH at zeveral other temperatures were
alse caloulated for each buffer ratio and show ap-
proximately the same degree of concordnnce,

3.2. Effect of the Concentration of Alkali Halide
on pK’

In cells without a liguid junction (eq 1}, the pres-
enca of a anluble alkal halide iz necessary to insure
the reversible functioning of the silver—silver-halide
electrode.

When measurements of pH are made by means of
a praciical aszembly, sucﬁ) as hydrogen-calomel or
glass-calomel cells, the goluble halide in the buffer
solution eerves ne useful purpose; in fact, it is con-
venient to prepare s buffer solution without the ne-
cesgity of weighing out an extraneous salt.

Measurements zre therefore nanally made of the
eraf of the series of cells containing solutions in which
both the ratio and the concentrationz of tha buffer
acid and itz =alt are maintpined st a fixed walue,
whereas that of the alkali balide is progressively
diminiched.

The values thus obtsined for ‘:F.K’ can be plotted
against the molality of the halide (usually the plot
iz a linear, or very nearly so), and \ext-rm_:::-l:r]mmc{I to

zero concentration of halide to obtain the p&A’ dor
the helide-free buffer.’

The value for pK* 2t zere concentration of chiorde -
ion {and for finite roncentration of both mgs and
mg) iz desigmated as pwH® by Bates [18] or
pwH =A% p%i.

The value of pwH® can be uscd to celeulate the
pH of the buffer. A vamety of valuea can be
obtained, depending on the assumplion used to
eztimate log for. :

Although “this method had been succesafully
ﬂpﬂlied at the Buresu in & study of a number of
buffer-chioride mixtures, ancmalous results were

obtained with berbiturate—chloride solutions. The
plot of pK’ ngainet y was not & straight line thmug}iln-
the

put its entire length, bui dropped sharply as
concentration of nElﬂride jon relative to that of the .
buffer waz diminished. The anomalous behavior
can be explained by gmﬂtu]ati.ng some kind of a re-
action betwesn barbiturata ion and eolid silver
chloride that has an increasing tendency to 1gke
lace the lower the concentration of solubfe chloride
in the scluiion, An experiment was performed in
whirh approximately 0.01 mole of solid silver chiorida
tiren from exiraneous, soluble chloride) and approx-
mately 0.01 mole of NaB wore shaken together for
several days with 100 ml of distilled water. The
filtrate wae acidified with nitrie acid and yielded a
qunlitative test for chloride ion with silver nitrate.
There are eeveral possible explanations. For ex-
ample, ohe reaction mi{:t be ApCl4+B-=AgB4Cl;
another might involve the formation of undis=ociated,
elightly soluble AgB; still another perhaps the forma-
tion of a complex 10n such as AgB;, ete. It was not
considered necesaary to delve further inte the various
oezibilitics, especially a= = simple method was
ound to eliminate the effect entirely.

The extent ta which the reactions postulated above
oreur can be made negligible by the use of & suffi-
ciently high coneentration of soluble chloride in the
barbiturate-chloride mixture. It shonld alse be
possible to diminish them by the substitution of the
chloride by icdide, both in the sohrtion and in the
reference electrode, 1f one considerz, for example,
the resction AgCl4+ B~ = Jrsg]ﬂl—l— Ol-, onemgy write the

uilibrium constent a8 Ar=Kiof/Kap= (Fr- 98-,
where Koy 8nd K are the solubility products for
silver chloride and for silver barbiturate. Similarly,
for the reaction Agl +-B-=AgB 41", the equilibrium
constant ia K,:Rgmem——-u;-,.’an—,whcre Fagr iz tha
solubility product of Agl. Subiraetion of the
gecond Tenction from the first yields AgCl4-I-—

14 Cl~ for which, at tha same initial concentration
af B~ and sssuming thet the occurence of the reac-
tien does not appreciably alter the concentration of
B, K=K elKig=tci-8;-. Since the ratio of
the m]ubi]itgr é)mdlllmtﬁ of slver chloride and silver
jodide at 25% C is approximately 10°, substitution of
chloride by icdide in thé electrodes and in the
barbiturate-halide solution should be quite effective
i]}m preventing any side reactions of the type postulated
ahove,

T Mote Uhat the extrapidation does not pectil caeatathon of pA, bepalse fop
Al mu rempde contlant jo Gl tygs of meanicement.




The emi of a =erigs of barbituraie-ipdide buffers
wos therefore studied, The results confirmed tho
prediction and showed no abnormal effect of iodids
on the apparent jonization constant of barbituric
acid. The plots of pK’ &t 25° C for a ratio of
HB:NaB of unity againet various cohcentrations of
glium chloride and of sodium iodide are shown in
figure 3, The concentrations of the solutions, the
emf in internetional volts (at 25° ) of the caolls
corrected to 1-atm pressura of hydrogen gaz, and the
value for pX at 256° C are given in table 4.

Tanip 4, Apparent effect ol 25° C of sodinm chiomide and of
asidrtenn Jodide on the value for pE' for S-5-disthpibarbilure
ecid
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The valuae for pwH® obtained with zilver—silver-
iodide alacirodes was 7.985 at 25° C.

In attempting to obtain data on pwH"® one must
not accept at face value messurements invelving
only sodium chloride, lest the possibility of auch an
anomalons reaction exist. The relative solubilities
of the silver salts of the halide and of the buffer anion
should be known., Unfortunately, necuraie deta

§E§5RES

o5 WLUCY AT BE

b g

T

LA OF M GHOAE DN v

FiousB & Effect of 25° O of sodium chloride und of sodfium
indide on the pK’ for S5 =~diethylbarbilurte aeid,

are not available for most organie salta containing
gilver. Additional experiments with & aoluble iodide
gnd silver—silversiodide slectrodes may be necessary
if meazsurementz on the buffer salts have heen made
with oniy silver-silver-chioride electrodes,

3.2, Measursments of pK’ with Hydrogen and
Silver—Silver-lodide Electrodes

In view of the above Ahdings, it became of interest
to determine whether the value for pK obtained by
cxtrapolation depends on the nature of the reference
electrode used in the cell shown in eq 1. Mensure-
menis were therefore made of the einf of the cells
containing hydrogen and silver—silver-iodide elec-
trodes immersed in buffer solutions eomposed of
varicus concentrations of HB, NaB, and Nal. The
concentrations of the solutions gnd the emf, in m-
ternational volts, corvected to 1-stm pressure of
hydrogen ges nre listed in table 5. The valuca of
pi’ for buffer ratios, HB:B, of 2.0, 1.0, and 0.5,
caluclatzd by eq B, are given in table 6 and are desig-
nated by squares i higure 2. The plot of pX’
against ¢ proved to be linear, and over the range 5°
to 40°C LE& positions of these lines (calenlated by
least squares) were [ound to be very nearly the same
as those obtained for the corresponding measure-
menta for the ehloride series.

The averaxe difference in the extrapolated values
for pK between the Ag-AgCl series and the Ag-Agl
series over the range 5° to 40 C was —0.0018 uwt
in pK, or about 9.1 mv in emf.

n table 7 is given n summary of the extrapolated
values obtained for pX ond B, using the two types
of reference electrodes.

TABLE 5 (Meeroed electromolive foree, in fnlarnational polls, of cells compased of hydrogen and sifrer—gilver—dpdide elecirodes and
miztures of 6-8"-Fethylherbiturie ueid (fian), sodrvunt F-5"-diethylborbiurale (mp), and sodtum iedtde (M)
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Taern 8. Values of the nepalive logarithm of the apparent {oniration consient, pR*, of 55" -disthylbarbituric aecid obtained from
hydrogen and aflser—yilosr fmitde efectrodes

(Bee tabde 5§ for Lhe ontoentratlsng of the sslotlons)
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"TABLE 7. Valuer for pK and for & for 5-5°-dietiylbariifuric
aeid
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A in proporfion 1o the pumbser of cells in each sarles.

b Calmalated by mweans of o 1.

The wvariation of pXK for 55'-diethylbarbiturie
acid {eol. § of table 7) with the abeolute temperaturs
T(273.164£°C) can be exprezaed by the equation

pR=2324.47;T40.0118562 T —3.3491 (7}

with an average deviation of £ 0.0017 unit. Tha
value for pK at 377 C was calculated hy means of
oq 7. In fipure 4 the circles and the equares, respec-
tively, mrmrond te the values obtamed for pK
with Ag-AgCl snd Ag-Agl electrodes. The solid
curve is that corresponding to eq 7.

4, Comparison With Other Valuea in the

Literature

With one exception, all other previous measure-
ments [1,3,5,6,7] of tha ionization constant of 5-5'-di-

TanLE B, ﬂ'am;mmon of the solues found for pK for 5-5'-
kytharlituric aoid by iforend tnvesfipalors =
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Ficuge 4. Varigtion of pK for §-4'-dighylbarbituric geid with

iemparalure.

The Heelca andd the sqoares, respect vel 7. dealyoiin 1he dute frow the oblorkde
hl‘rm;lw id|da cells, respecively, ‘The sl lins is ghab abiaibed from
eqaakion

T .50 -

ethylbarbiturie acid have been obtained by the use
of & reference solution of assigned pH value and-a
call involviog a liquid junction. Wood [4] measursd
the specific electric conductance of HB solutions.
The values for pK obtained by other mvestigatora
corrected to a uniform temperature of 25° O (by
means of the value for dpAdT obtained from eq 7)
and imereased by 0.04 unit, when appropriate, to
p]ﬁe gthem on the “activity” basm, are listed in
taklae 8,

8. Derived Thermodynamic Quantities

The relation between the ionigation constont of &
wank acid and the temperature can be used to eom-
pute & number of derived thermodynamic properties.




The free energy [19] of ionization is given by
AF°— BT In K—2.3026 BT pK—AH®*— TAS®,
(8]

from which the change in entropy, the heat of the
reaction, and the change in the heat capacity can he
obtained by suitable differentiztion [19) of eq 7 and 8:

ASY— _pAaFaT
AH®—d(aF/T)0(L/T)
ACp " =aAH" AT,
The values for AF®, AS?, AIF?, and ACP® for the
im]JlezaEian procezs HB ., =H*+ B~ ars given in
table 8.

TabLe 9, DPerjued Rermodynomis
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